UNCLASSIFIED 
AD  NUMBER 


AD037873 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative/Operational  Use;  MAY  1954.  Other 
requests  shall  be  referred  to  Naval  Ordnance 
Systems  Command,  Washington,  DC. 


AUTHORITY 

31  may  1966,  DoDD  5200.10;  usnol  ltr  29  aug 
1974 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


AD  NUMBER 

AD037873 

CLASSIFICATION  CHANGES 

TO: 

confidential 

FROM: 

secret 

AUTHORITY 

31  may 

1957 , DoDD  5200.10 

THIS  PAGE  IS  UNCLASSIFIED 


unclassified 


Qepsi oduced 


U i'k*1 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


declassified 

DOD  DIR  5200.9 


NOTICE:  WHEN  GOVERNMENT  OR,  OTHER  DRAwiriuS,  SPECIFIC  at  ions  or  other  oat  a 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 


GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
| NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
J GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
1 SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 


IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  AF 


GTHtiR 


PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE,  I 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT 'MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


DOCUMENT  SERVICE  CENTER 

BMOTT  iiiiil  RIIIC  nfiVTIHI  9 ft  U ! ft 


I 


M^at/ORD  REPORT 


THE  EFFECT  OF  SHOCKS  ON  LIQUID  DROPS  IN  THE  SHOCK  TUBE 


r„„ 



\ 


COi- 


6G 


4 MAY  1954 


This  document  contains  information  affecting  the 
national  defense  of  the  United  States  within  the 
meaning  of  the  Espionage  Act,  bO  USC  , 31  and  32, 
as  amended.  Its  transmission  or  the  revelation 
of  its  contents,  in  anjrmanner  to  an  unauthorized 
person,  is  prohibited  by  lav/.- 

Reproduction  of  this  matter  in  any  form  by  other 
than  naval  activities  is  not  authorized  except  by 
specific  approval  of  the  Secretary  of  the  Navy. 


NAVOHD  Report  3^32 


>4 

i 


THE  EFFECT  OF  SHOCKS  OK  LIQUID  DROPS 
IN  THE  SHOCK  TUBE 

li 

M 

A 

Prepared  by: 

Robert  L.  Varsig 


Approved  by: 

J.  F.  Moulton,  Jr. 

Acting  Chief,  Explosion  Effects  Division 


ABSTRACT:  The  very  small  droplets  produced  by  the  fast-moving 

air  stress  when  vs, ter  dropr  are  present  in  the  shock  path  are 
about  h%if  the  size  ae  sussed  by  G.  E.  Hartmann  in  SAYCKD  Report 
2ytU,  reference  (3)  • A correction  factor  of  one-half  can  be 
worked  In  by  considering  the  effects  of  a transient  blast  sud- 
denly applied  to  the  drops  as  opposed  to  a gradually  increasing 
stress  velocity  applied  to  the  drops. 

Tisa  sailer  else  droplets  produced  require  lass  tine  to  e- 
vaporate  in  the  heated  gas  behind  the  shock  front.  Hence  the 
fwdius  of  total  evaporation,  as  discussed  by  Hartnann,  is  in- 
creased by  m factor  of  1. 24  and  the  shock,  pressure  attenuation 
is  increased  by  a a soil  amount.  The  numerical  requite,  of  these 
experiments  are  avgdied  to  the  Hartmann  theory  of  pressure  at- 
tenuation associated  with  an  explosion  in  fog  or  rain  for  purposes 
or  comparison. 
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This  report  dsssr ibee  the  Initial  work  done  in  the  Xaval 
Ordnance  la&orslo.vy  as  an  experimental  check  on  some  of  the 
assumptions  made  in  XA7QRD  Report  POlik _ TM*  work  >>»■  been 
carried  on  under  Task  .<2067 -1-54  by  the  Shock  Phenomena  and 
Shock  Photography  Section  of  the  Explosion  Effects  Division. 
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THE  EFT/SCT  OP  SHOCK*  OH  LIQUID  DKOP8 
HI  TEE  SHOCK  TUBE 


I XHTRODUCTICaS 

1.  In  the  detonation  of  explosives,  there  is  definite  experimental 
evidence  that  a loss  of  performance  occurs  when  the  charges  are  ex- 
ploded in  rain  or  fog  (l; . There  is  a percentage  loss  in  positive 
blast  impulse  and  also  in  peak  overpressure,  according  tc  theory, 
viiich  is  practically  linearly  proportional  to  the  concentration  of 
liquid  oTater  in  the  air,  provided  the  raindrops  are  cf  uniform  site 
and  the  percentage  decrease  in  blact  performance  is  not  great. 

2.  This  peak  pressure  or  shock  wave  attenuation  has  been  attributed 
to  increased  energy  losses  resulting  free  us  vvaporavl un  vx  win 
water  droplets  in  the  fast -moving  air  stream  behind  tlx?  shock. 

V.  S.  Penney  (2)  and  G.  X.  Hart&axm  (3)  have  worked  out  relations 
leading  to  analytical  statements  regarding  the  loss  of  performance 
dus  to  the  presence  of  fog  or  rain. 

3«  The  evaporation  of  the  droplet  taken  place  in  the  fast  moving, 
heated  air  stream  behind  the  shock  front.  The  tine  t fer  the  drop- 
let to  reach  95  par  cent  of  the  particle  velocity  end  the  lag  L of 

the  flyonlut  ho'ninn  r.tw  >tr  nMtldlaa  •km  meimuM  tr>  K.  ’■jfspsct.T.ly 

(3)  ' 


t » 35/-*  see 

I-  = 8 Ug/^k  **#  ua  ■ fleer  speed. 


*•  The  coitrlkutlaa  to  the  armanKtloa  nrooisa  «fcw>  tfe»  AwmUt  is 
ventilated,  i.  when  the  air  surrounding  tfes  droplet  is  continuously 
being  swept  « ray  and  repla;^d  by  fresh  air  sot  wrevicusl*  la  contact 

vlib  the  fcr©elat.  bu  h— -_■?  iw«< *mkm<  — — <*  «•■  * -«*-* - _ 

5.  After  the  droplet  reaches  the  flow  spaed  the  problem  is  one  of  cal- 
culating tbs  evaporation  rate  of  spherical  droplets  in  still,  vara  or 
hot  air.  The  temperature  differential,  (j  - 9,  of  the  droplet  surface 
and  the  shock  tesperature  is  shorn  to  be  0.86  H where  (\  ♦ Tc  is  the 
Ump eratsre  of  the  air  inoedistely  behind  the  shack,  0 ♦ T0  ie  the  tem- 
perature at  the  drop  surface  after  the  arrival  of  the  shock  sad  T0  isA 
the  mabiext  teaperature . using  the  heat  transfer  equation,  ® *■  £ 
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v here  k is  the  diffueivity,  the  time  for  evaporation  is  calculated. 
It  ha£  been  shown  (3)  that  evaporation  will  he  complete  within  a 
time  r equal  tc  the  positive  duration  cf  a blast  wave  if 


r 


1.41 


I*  A 

<r  <f. 


sec. 


where  L*  ~ latent  heat  of  evaporation  ■ 580  cal/gm 
<7  “ specific  thermal  conductivity  of  air 
A • radius  of  water  droplet 

6^b  - texsperature  rise  associated  with  the  pa  ah  overpressure 

7 rise  P in  the  shock  wave, 
s 


This  equation  reduces  to 


r- 


3.53 


( '-***)  l 

' / \ 


62 


bTy 

/ 


|3/2 


102 3 


msec 


for  Ps  < 30  psi. 

6.  It  is  necessary  that  the  drop  be  stable  in  the  fast -moving  air 
stream  while  it  is  evaporating.  A drop  of  water  in  fast -moving  air 
is  subject  to  sBT^ynaaiiu  forces  due  to  the  motion  of  the  air.  and 
also  forces  due  to  the  surface  tension  in  the  drop  itself.  There 
is  a critic®!  drop  size  above  which  the  drop  is  not  stable  for  each 
set  of  forces  tc  which  it  is  subjected^  If  a drop  Is  suddenly  placed 
in  a fast -moving  air  stream  of  velocity  u,  then  the  critical  radius, 
a,  will  depend  on  the  produce  of  the  density  of  the  air,  and 
and  on  the  surface  tension.  The  product  /0 vr  is  proportional  to  the 
aerodynamic  forces,  i.e. 


a T_ 


, rO  2 
( ' Uc) 


T„  “ surface  tension. 


“ssct.ti5^Llv  constsnt  icz*  ths  of 

< wwa^sal  w «e  /O 


««(» 


lh<  * v V* 


a « was 


Since  the  uuTiaCc  wt 

4 W ^ 4*h. 

iuwca\;ow  u'vivj  vuv , w — . — 

C-SSTY^tio!!  of*  fftllinK  VEt-^r  dTOpS^  vhftD  u * 800  Slid  { * ^o> 

then  a - 0*33  cm  (3)#  therefore: 


— A OO 


& i 

7$ 


/ >2 
( 800 

\ Ty  cm* 


7.  Calculating  (°  and.  u from  the  IWu ine -Hugoniot  relations  in  terms 

of  P , the  peak  shock  overpressure,  a relation  is  shown  to  exist  be- 
s 

tween  ana  a vnien  can  oe  sxa-oea  a b: 

o 
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PB  - 8.U  x 10"^  within  5 per  cent. 

(F3  is  in  psi,  a is  in  cm.) 

8.  What  this  Beans  then  is  that  when  a shock  hits  a rain  drop,  if 
the  drop  is  greater  than  the  critical  size,  it  will  be  reduced  to 
Bmaller  droplets  which  ar®  stable  in  the  air  stream  behind  the  shock. 
For  example,  if  a drop  of  radius  0.5  cm  is  struck  by  a 2 psi  shock 
front,  it  will  be  shattered  into  many  droplets  of  radius  given  by 


a 


8.4  x 10"^ 


* 0.021  cm. 


Hartmann  (3)  used  the  above  expression  for  the  radius  of  the  water 
droplets  that  would  be  totally  evaporated  by  a shock  wave  of  peak 
overpressure  Ps.  Further  calculations  were  made  to  determine  the 
radius  of  complete  evaporation,  Rp  (ft),  as  a f 'unction  of  charge 
weight,  w (lbs  TWT)  which  led  to  the  expression 

1 H 1,11 

R.,  » 5.1  {\rL,J)  ft. 

J- 


The  total  energy  in  the  shock  wave  at  a distance  R < R-^  vas  then 
shown  to  be 


/ \ » /•  *> 

X'KRJ  m 4*  VO  X XU' 


uU/9 


69  cR* 


where  c * concentration  cf  water  in  gm/m3. 


'me  second  term  in  this  expression  represents  the  loss  in  energy  due 


9.  The  purpose  of  the  present  study  was  to  measure  the  size  of  the 
droplets  produced  in  a shock  tube  vhen  a step-type  shock  wave  hits 
liquid  drops  Intopoduccd  int—  th?  tub** * Tn  tills  vsy  it  is  pos— 

sible  to  ascertain  the  validity  of  the  relation  between  shock  over- 
pressure and  droplet  radius  upon  which  the  expression  for  the  radius 
cf  complete  evaporation  rests. 

II  METHOD 


10.  It  was  decided  to  attack  the  nrnhl urn  Yiv  taklnrr  Tihntr.a-ranhs  c.-/‘  th 

drop  during  the  passage  of  the  shock  front.  A high-speed,  repeating 


/ Ubw 


A > 
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spark  source  web  used  to  produce  shadowgraphs  after  uevwr&l  known 
time  Intervals  during  which  the  drop  and  the  shock  interacted. 

This  series  ol'  exposures,  all  recorded  on  the  some  sheet  of  film, 
depicted  the  behavior  of  the  drop  during  the  passage  of  the  Bhock 
front  and  shoved  the  subsequent  break-up  of  the  drop  into  droplets 
in  the  fast-moving  air  stream  behind  the  shock. 

Ill  D23CRIPTICK  0?  THE  APPARATUS 

11.  In  conducting  this  series  of  experiment*,  water  dropB  were 
introduced  into  the  shock  tube  by  g-ans  of  a hypodermic  syringe 
Inserted  through  the  top  of  the  shock  tube  sc  that  only  about  8 mm 
of  the  needle  protruded  into  the  tubs  . Tho  syringe  v**  cushioned 
in  a heavy  rubber  stopper  which  vas  mounted  flush  vith  the  interior 
surface  of  the  shock  tube.  Thus  only  the  needle  tip  was  in  a po- 
sition to  disturb  the  shock  front. 

12.  The  slee  of  the  water  drops  introduced  into  the  shock  tube 
was  controlled  by  the  else  of  the  hypodermic  needle.  For  a amber 
20  needle-,  ground  off  squarely  at  the  end;  the  drop  sine  was 

0.25  + 0.05  cm. 

13.  To  get  multiple  shadowgraphs  of  the  break-up  of  the  liquid 

drop  it  vas  necessary  to  build  a multiple  flash  unit  in  which  a * 

series  of  flashes  occurred,  all  e**n«tinjr  from  the  same  point. 

Since  the  light  source  was  to  he  a spark  in  air,  it  was  necessary 
to  build  a unit  in  which  several  condensers  could  be  discharged 
through  the  same  gap  successively.  The  problem,  therefore,  was  re- 
duced to  that  of  developing  a switching  arrangement  which  could 
ositch  each  condenser  in  turn  across  the  single  gap.  This  was 
nccoocplished  by  using  the  circuit  recommended  by  Beniamin  Crape-, 

Hyper  ballistics  Division  of  the  Naval  Ordnance  Laboratory  (NOL), 
and  is  shown  in  Figs.  1 and  2.  Hydrcgss  thyr-tron  tub*#,  type  5C22, 
were  employed  for  the  switches,  each  triggered  by  a pulse  from  the 
pulse  generator  unit.  Operation  vas  simple.  The  initiating  pulue 
from  the  shock  velocity  measuring  laviee  associated  with  the  shock 
tube  was  applied  to  the  grid  of  the  first  2D21  thyratron  tube. 

The  tube  conducts  ths  cathode  rising;  Wi*  volt*tgs  pulse  from  the 
cathode  is  coupled  to  the  control  grid  of  the  0A5:  it  conducts  and 
its  cathode  rises.  ‘This  voltage  pulse  in  turn  initiates  the  fir- 
ing of  the  5C22  thyratron,  which  essentially  shorts  the  capacitor 
C in  the  plate  circuit.  Current  surging  through  the  inductance  L 
causes  a large  voltage  across  the  terminals  of  L and,  therefore, 
across  the  gap.  The  gap  breaks  down  discharging  the  capacitor 
through  it,  producing  an  actinic  spark. 

It.  'The  cathode  of  the  first  2D21  is  connected  to  the  control- 
grid  of  the  second  21)21  through  delay  units  that  were  variable 
from  one  to  thirty  msec.  Hence,  the.  second  21)21  would  conduct 
after  a ore -determined  time  interval  and  ths  Bane  train  of  event: 
would  occur  as  before,  culminating  xn  uaowLum.  IkU  V/A  VMW  WWW  — 
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FIG.  I FOUR  SHOT  PULSE  GENERATOR 
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FIG.  2 SPARK  UNIT 
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condenser  c across  the  gap.  In  tills  way  it  vas  possible  to  get 
four  separate  flashes  frc^u  the  spark  gap  at  pre -determined  inter  - 
vnls.  Of  course  this  method  could  "be  carried  further  to  produce 
any  desired  number  of  spark  flashes  but  four  were  sufficient  in 
tills  instance. 


15.  The  grids  on  the  5022  thyratrons  were  required  to  have  very 
lev  input  impedances  to  prevent  spurious  discharges.  Therefore, 
it  was  necessary  to  use  a second  stage  of  amplification  in  the 
form  of  the  0A5  trigger  tubes  to  initiate  conduction  in  the  5C22 
thyratrons. 

3=6-  Originally,  time  intervals  of  30/^  sec.  were  thought  to  be 
appropriate  for  photographing  the  drop  disintegration  as  it  was 
<expected  that  the  chock  front  produced  the  shattering  of  the  drop. 

For  this  delay,  ordinary  LC  delay  lines  were  used  with  considerable 
success*  The  shadowgraphs  obtained  (Fig.  3).  however,  indicated 
that  this  tine  interval  was  too  short  for  anything  to  happened  to 
the  liquid  drop.  From  high  speed  motion  pictures  taken  with  an 
Eastman  High  Speed  (3000  fps)  ca&ara.  it  was  determined  that  several 
milliseconds  were  required  between  exposures,  and  a time  interval  of 
up  to  30  msec  was  introduced  by  esploylnK  the  dual  time  delay  unit 
recently  developed  at  the  HOL  for  other  purposes  (4). 
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The  hens  1 had  a fo-r-hl  length  of  3^5  van  and  a relative  aperture  of 


f/1.5.  rarsolel  light  through  the  shock  tube  Is  the  region  under 
investigation  produced  a shadowgraph  of  magnification  * 1.  Multiple 
exposures  vnre  obtained  on  the  same  fixed  sheet  of  film. 


l6o  The  shadowgraph  system  wag  eventually  discarded:  the  arrange- 
ment shorn  in  Fig.  5 was  employed.  The  camera  used  was  a 4x5  graphic 

<Hav  a/lwi  titji  gkt  ■frHn  m aval mmm%  ^ U8*Sq  ZuflvCtSd  1 * ^ 

was  the  greatly  improved  definition  cf  the  droplets  after  break-up . 
However,  the  shock  was  no  longer  visible  is  these  pictures  because 
the  optical  system  was  now  not  sensitive  to  very  small  density 
changes. 


19*  Th*  Arhciets  in  the  two  •types  of  photographs  were  measured 
two  ways.  1 lie  droplets  in  the  shadowgraphs  were  measured  using 
5 x BaL  magnifying  eye  piece  which  contained  a millimeter  scale 


u 


graduated  in  tenths  for  comparison. 

UrfililtiOSi  Qf  f Ka  flwjpTIm+s  yis  pAAy 


The  contrast  v&s  low*  and  the 


BjI  S^OSCvpC 


a.  small  field  and  high  magnifying  power  was  prohibited.  Even  with 
the  5 power  magnifier,  the  fussiness  of  the  droplets  caused  an  un- 
certainty in  the  diameter  aeaaunanents  of  etch  droplet  of  approximate- 
ly 3,0  per  cent.  The  droplets  in  the  pictures  photographed  by  reflected 
light  were  much  more  clearly  defined  and  it  was  thus  possible  to  make 
Measurements  on  these  droplets  using  a traveling  microscope.  The 

*1 .A • -U-,  w.mt  XI ^ O1  A.V.-  -A  — 
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FIG.  3 TIME  INTERVAL  BETWEEN  EXPOSURES'-  40 fi  SEC. 
SHADOWGRAPH  WITH  FOUR  EXPOSURES 
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FIG.  4 SHADOWGRAPH  SYSTEM.  PATH  OF  DROP  IS 
PERPENDICULAR  TO  PLANE  OF  PAPER. 
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made  possible  measurements  as  fine  as  0.001  ami.  The  definition 
of  the  droplets,  however,  was  not  good  enough  for  this  last- 
figure  and  the  uncertainty  in  the  measurements  of  these  records 
was  of  the  order  of  5 per  cent. 

IV  RESULTS 


20.  The  results  of  this  study  indicate  the  relationship  between 
the  droplet  size  and  the  shock  strength,  and  also  yield  qualita- 
tive information  regarding  the  nature  of  the  break-up  of  the  liquid 
drop? - 

21.  The  phenomenon  of  the  shock- drop  interaction  is  the  same  in 
nature  as  the  sudden  introduction  of  a drop  into  a fact -moving  air 
stream.  Studies  of  this  type  have  been  made  before  (5)  and  the 
apparent  behavior  of  the  drop  in  the  shock  tube  is  almost  identical. 
When  the  drop  is  injected  into  the  fast -wcrvlng  air  stream,  tbs 
original  spherical  drop  is  distorted  irto  a saucer-shaped  disk.  The 
edges  are  drawn  out  into  streams  and  then  they  break  sway  into  drop- 
lets. (Bee  Fige-.  6,  7,  8,  end  9.)  it  shock  overpressures  In  the 
neighborhood  of  3 pel,  the  deformation  of  the  drop  begins  after  about 
0.8  milliseconds.  However,  droplets  do  net-  begin  to  appear  earlier 
than  shout  3 milliseconds.  From  theoretical  considerations  regard- 
ing the  pressure  over  the  surface  of  tbs  drop,  Taylor  has  concluded 
that  the  drop,  if  it  did  pot  disintegrate,  would  be  flattened  into  a 

-COSTS-  lenticular  body  of  diasastsr  twice  that  of  the  original 
spherical  drop  (6).  In  the  photographs  taken  early  enough  to  csfcefc 
the  disk-shape  of  the  drops,  this  ratio  oscsb  to  hs  confirasad.  by 
this  study  (see  Fig.  10). 

22.  The  size  of  a stable  drop  m a fast-wooing  air  stress  Is  given 
by  the  r.  lation  in  the  introduction  of  this  report,  i.s.. 


Jr-  this  ease  the  drop  is  in  an  air  stream  tbs  velocity  of  which  Is 
gradually  increased  up  to  the  critical  value  of  u where  the  drop  is 
j'iCt  stable.  In  a transient  blast  of  the  sort  used  in  the  present 
study,  the  relation  shc:il4  be  altered  as  follows: 


a - 0.33 
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NOTE  LENTICULAR  SHAPE  OF  ORIGINAL  SPHERICAL  DROP  IN  SECOND  FLASH 
AND  STREAMING  OUT  IN  THIRD  FLASH.  DROPLETS  HAVE  NOT  FORMED 

FIG.  10  Pg  = 1.90  PSI 

BREAKUP  OF  DROP  ( SHADOWGRAPH  ) 
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is  Mr «a  to  «s  good  sgrecasat  for  xh*  datfe  in  the  r*jag»  2.60  + 0.10  psi. 
Is  tbs  rang*  1*63  + 0.15  psi,  tker*  is  a discrepancy  of  30  par  ceni. 

The  osly  explanation  fer  this  dinerepency  at  the  present  tin*  is  a 
negative  one.  The  asasars— nte  oa  the  radii  for  this  group  of  data  are 
gait*  unreliable  since  these  aeasursnests  v»r*  sads  rrcss  shadowgraphs  in 
which  the  droplets  were  not  satisfactorily  defined.  It  was  for  this 
reason  that  the  phxitogrepble  technique  was  changed  ae  explained  in 
section  HI. 


Y CXWCLOBICW8 

«7 • The  droplets  produced  by  the  faart-noriag  air  stress  beJiind  the  shock 
are  about  half  the  site  predicted  on  the  basis  of  the  report  by  G.  K,  Sari- 
aaan  (3).  a correction  factor  of  2 can  be  worked  in  by  considering  the 
effects  of  a transient  air  blast  suddenly  applied  as  opposed  to  e steady 
Streets  gradually  applied. 

28.  As  stated  by  Ssrtwsmsc  (3)  if  the  drops  shatter  into  fnn&aeate  finor 
then  those  predicted  on  the  basis  of  tbs  drag  forces.,  than  th=>  evapora- 
tion tins  for  a droplet  trill  be  reduced  by  the  s^uaru  of  the  factor  by 
which  tbs  drop  is  reduced.  In  fable  XX  are  tabulated  values  for  the 
evaporation  tins  T'in  nilliseconds  for  various  drop  sixes  at  increasing 
pressures.  Tbs  dotted  line  separates  the  drops  which  break  up  in  the 
fasi  air  stress  fron  those  which  are  snail  enough  to  be  nUbla  in  the 
fast  air  strean  associated  with  each  cf  the  specified  shock  overpressures. 

90.  Tn  Tables  XU  and  IV,  values  for  H, , the  rf4Aus  of  eo«**Xsw  ~r*por»~ 
tic*,  and  the  cube  root  of  the  charge  weight,  ¥*/j,  are  tabulated  rcr  rain 
aM  fog  respectively.  Rain  is  defined  arbitrarily  to  be  water  drops  Isrgs r 
in  radius  than  iw”3  cr«.  jrog  ^ui^shia  sure  dnien  w b«/v>  1C  -cSkjji 
radius.  The  values  fear  S*  and  were  determined  as  follows:  Tam  values 

® T" and  ?s  were  taken  from  Tails  U.  Frca  the  Xirtarcad-Sriskley  curve  (3) 
«f  peek  overpressures  versus  redsoed  distance  veins*  cf  > — ---^rvd. 

Fre*  the  graph  of  reduced  punitive  aw,  T^A-  ' ' , as  a function  of  A 
values  of  'T'/*1'3  war*  obtained.  U*/3  was  then  calculated  fron  knowledge 
of  both  T",  tbs  msawtlai  tine,  and  T/uV5.  Ah»  redaeef.  posi^iTt  pti=£«. 
Finally,  *j  » A#/3  was  cosprtcd.  The  graph  in  Fig.  12  cf  »V3  WJWI 
was  plotted  mat  these  «sum.  was  graph  can  be  represented  swujtii»Iijr  »y 

- 1*U 

^ - 6.2 

as  opposed  to  ths  pravioii  valaw  (3)  of 

, t/i  1.11 

\ " 5.1  (W3) 

The  veins*  cf  fog  end  rain  agree  out  to  the  dlstaaoe  where  evaporation 
occurs  without  break-up. 

a**  Mwaniiu  for  t la  eeeriai  available  at  a distance  * < su  vis: 
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TAB1X  II 

Values  for  T'  is  silliseeosds 


*• 

*o“i 

1 

10- 

0.29 

56.6  x 10® 

1,1k  x ID® 

1 

!*iV  x 10? 

i .,1k  * in7 

rs 

4.6  x ID* 

4.6  x ID* 

.jf 

3.48  x 103 

3.48  x 103 

7 

0.635s  10® 

0.635*  10® 

9 

190 

360 

1 C 

12.4 

12.4 

20 

0 

“•  I X 

0 *r«; 
• # 

"*) 

0.32 

0.32 

10*2 

10*3 

.--4 

ow 

1.14  x ID6 

1.14  x 10* 

114 

3.3  v 10.5 

4.6  x ID* 

■S  r»  . Ift3 

J*J  *•  "-‘i 

1.1  x i£P 

M 

VJ 

11 

3.48  x 153 

660 

6,6 

0.635s  10® 

0.635x10® 

4.7 

380 

3*2 

12.4 

12.4 

2.2 

0-75 

"**  • f 

2*75 

1*65 

0.32 

0.32 

C.32 
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TABLE  HI 

Radius  of  Total  Evaporation,  IU , aad  other 
Quantities  for  RaiB 


p 

(pei) 

r 

asec 

A 

free  air 

Vi.j.A 
'/«  • “ 

..i/3 

ft  ’ 

R /AH1^ 
~(ft) 

1 

58.75xlo5 

33.0 

3.8 

15. 5*10 5 

5fi?xlo5 

3 

23,250 

1?>3 

2.66 

8,7*0 

151*1«3 

5 

1,7*0 

12.5 

2.30 

757 

9,070 

7 

i 

317 

10.2 

2.06 

15* 

1,570 

ir\ 

Ju/ 

50,5 

r\  i 

o-* 

1.78 

28.* 

238 

15 

6.2 

6.9 

1.55 

*.CO 

27.6 

20 

1.37 

£ a 

1.36 

1.00 

^ <w». 

u.uc. 

30 

0.157 

5.0 

1.15 

0.137 

0.683 

19 
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« TABLE  IV 

Radius  of  Total  Evaporation,  R^,  and  other 
Quaatit-ies  for  Fog 


ps(r^O 

T"  (aaec) 

A(Free 

1/3 

' /W  • 

v1— 

r,»aW- 

4. 

Air) 

(ft) 

0.29 

l.lfc  s 10k 

100 

--7-5 

1,520 

152,000 

1.0 

3 

3.3  x lo3 
1.1  x 103 

33 

17.3 

3*8 

2.66 

fi£7 

UlU 

33.X0 

7,150 

5 

560 

12.5 

2.3 

287 

1.590 

7 

6lS 

10.2 

2.06 

308 

3.142 

9 

330 

8.9 

1.68 

202 

1,793 

15 

12.4 

6.9 

■»  r»  r“ 

8 

« D 

20 

2.75 

6.0 

1.36 

2.02 

15.12 

30 

0.32 

5.0 

1.15 

0.278  1.39 

20 
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F(R) 


b.06  x 105 


uli/9 


69  cr3 


Is  unchanged.  SUtilariy  unehssged  i«  the  relation  of  attenuated 
pressure  viz: 


*r 


P is  the  pressure  obtained  at  a given  distance  P.  vhen  charge  V is 
detonated  in  clear  air;  Pr  is  ths  pressure  obtained  at  the  saas 
distance  when  W is,  fired  in  fog  or  r^in  of  concentration  C;  Z is 
a factor  less  than  unity  such  that  Z V fired  in  clear  air  produces 
pressure  Pr  at  the  saae  value  of  R. 


Z 


=BU-/3 

7Wj 


9/1 


Pressure  attenuation  '.a  increased,  however,  since  Fi  <TR-^  can  1>e 
larger  due  to  the  increase:  in  Rp 


The  increase  in  the  pressure  attenuation  is  shown  in  Tables 
d 71 1.  Ccs^ariss  tbs  values  of  ?r  free:  these  tables  vith 
those  in  Tables  VI,  VII,  and  VIII  of  reference  (3),  it  is  seen  that 
the  values  of  Pr  for  greater  distances  than  in  reference  (3)  ar® 


js.. 

w \r-r 

-f,  .i, 


32  i T>  »r"  is  one  move  point  to  be  considered  regarding  the  «*seny 
available  for  evaporation  of  the  droplets.  The  droplets  which  re- 
sulted vhen  the  drop  var,  broken  up  in  the  fast  air  streaa  behind  the 
shock  actually  did  not  begin  to  appear  isrlis?  than  about  3 nilliseeeB&s 
after  the  shook  front  bed  vetaied.  For  j 1 charges  this  is  an  appfvoi— 
able  part  of  the  positive  phase.  Ees-cs,  tbs  droplet*,  after  they  rra 
pro&iseed,  do  not  have  i.he  entire  positive  phase  in  which  to  evaporate. 
This  would  have  the  off  set  that  less  energy  would  be  used  in  evwpcrist- 
ing  the  droplets,  consequently  the  stten»ation  would  be  less  then 
predicted  here.  Since  no  exact  data  arc  available  fraa  this  study 
regarding  the  tisas  for  the  droplets  to  fors  after  ihs  shock  passes, 
no  analytical  statement  can  be  Bade  about  the  attenuation  produced. 

In  »fti  probability  separate  neasureoents  of  the  tiss  for  break-up 
of  liquid  drops  for  each  of  a series  of  pressures  would  have  to  be 
Hisdc  in  order  to  state  generally  what  fraction  of  tbs  positive  phase 
is  available  for  evaporating  the  droplets  after  they  have  been  produced, 
and  this  Flight  tie  considered  as  a further  study  to  be  sade  os  a check 
on  the  theoretical  work  cf  reference  (3) • 
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TABLE  V 


Calculation  of  Pr  for  1 lb  of  Pentolite 


I * 


i 


i I 


i r 

1 

\ l 


J I 

\ l 

1 6 
3 • 

3 I 


* 

1 lb  Pentolite  1.2  lb 

w “ 1-2  yll/9 

Z - fl  - 1.36  x 10  ^ cR11/3] 

•1ST 

- 1,25 
9/11 

p 

R 

pll/3 

7 

(zw)1^ 

Rl(Raln 

a-  n«~\ 

- 5 

10 

8.9 

3,000 

Iisagic&ry 

•30 

6.4 

900 

0.46.5 

12.3 

o.8e4 

5.01 

*V  no-!  valid 

25 

5.5 

532 

0.692 

19. 8 

0.940 

5.81 

?r  valid 

30 

5.35 

470 

0.73 

24.6 

0.956 

5.132 

P„  valid 

33 

5.1 

395 

0.775 

28.0 

0.977 

6=02 

Pp  valid 

hO 

4.7 

295 

0.834 

35.6 

valid 

A 

» 1C 

33 

5-1 

395 

A C-  % f 

21.6 

0.849 

5.19 

Valid 

37 

4,9 

340 

0.6o4 

p6.q 
— ~ ^ 

0=898 

5.52 

Valid 

40 

4.7 

295 

0.66 

30.8 

0.925 

Valid 

“ 20 

40 

k.7 

295 

265 

17.3 

0.683 

4.07 

Hot  Valid 

CA 

✓ 

lj  r» 

A*  Q 

rA  r 

A A).  5^ 

w a Cat1* 

• —I 

Valid 

- 40 

6o 

4.0 

162 

0.175 

0.594 

3.4q 

Not  Valid 

70 

3.77 

130 

0.367 

37.2 

0.76 

4.58 

Valid 
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TABU  n 

SslauLattse  s?  fcr  20  E?  Atonic  Bo»>, 


ttein«  «f  p«5  W - 20  x 10^  lb*  T WS 

* S.*  x 208 

x - (1  -g.o?  » ucr^S  cra/5J 

p R ?n/3  T TV  (Hf)W 


8 

lO 

12 

■s  r 


2560  3.12S1012  e.**?  *.S 

2280  2.06*1012  0.6*1  7-5 

2100  1.5^x1012  0.736  9-9 

n m r — i isLffjft  0«0  a <*%  L 

1UW  Vo^J^LlU wcV^ 

1650  0.6*7.1012  0.895  18.6 


207  23.I5  Pr  not  valid 

23*  Pr  Talid 

Pr  Valid 

T*.  99.- 4 1 J 

ry  vuuuiv; 

Pf  Valid 


18 

172= 

T-yfxio1-1 

0-328 

20 

1650 

6.3  " 

o.**o 

10 

I3&) 

3®06  " 

0.739 

*0 

1210 

-•  /v>  * 

fctw 

0.835 

8.9 

187 

19*0 

Pr*  Valid 

11.9 

5Y  Valid 

2*3 

P_  T»lld 

35-8 

?y  Valid 

3 

5 

8 

10 


*700 

2.9x10^ 

I?S^**Sr7 

9»ir» 

—I" 

0.86  ■ 

o??06 

*.0 

9560 

0.31£  * 

O.90I 

7.5 

2280 

Q.206  * 

0.932 

9.5^ 

2*2  25^  lot  Vfelid 

£^k  Cv>j0/ fc&/0  T^'-ali  A 

267  2«oo/3o:»  valid 


2* 
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TABLE  VII 


Calculation  of  Fr  for  1 Megaton  Atomic  Bcs& 


1 Megaton  - using  0.5  eouiv&lence  V u x ■ IQ^  lbs 
/.  W^/9.10^ 

C.  - f 1 - 1.70  x iCT1?  cR11-^  °'/n 


tl 

A 

R 

rH/5 

Z 

*r 

(zvr)1^ 

Ri  (Rain, 

Post'* 

C « 1 

6.5 

10500 

5.54xlOllf 

0.104 

1.56 

470 

4900  7960  Not  Valid 

7 

10100 

4.8  " 

0.252 

2.94 

632 

7430  10670  Valia  for  fog 

8 

9400 

3.7  " 

0.444 

4.8 

763 

&T40  25600  Valid  for  fog 

9 

8850 

3 

0 • 56 

6.22 

Valid 

10 

840o 

2.^5  " 

- s\  \ 

i»/i 

063 

’•  <2k.fc.ACl 

1 O 

7700 

1.8  " 

0.742 

9 e 94 

Valid 

15 

6900 

1.2  « 

0.8'j 

13.3 

Valid 

C ■ 5 

15^5 

6800 

1 < 12X101**/**  0.07 

.2.9 

410 

4550  6950  Valid  for  fog 

16 

6700 

1.08  " 

0.13 

4.4 

506 

5800  10900  Valid  for  fog 

17 

6500 

O.95  " 

0.26 

7,2 

638 

7500  17500  valid 

18 

6350 

0.68  - 

0.322 

8.6 

665 

Valid 

20 

6000 

0.71  " 

0.474 

12.2 

78c 

Valid 

4c 

4500 

0.25  " 

0.824 

35.4 

Valid 

3.5 

15400 

14 

22  :c  10A 

0..325 

1.72 

68? 

8300  20500  Valid  for  fog 

4 

14200 

17  « 

0»495 

2.57 

790 

10236  Valid  for  fog 

«; 

12250 

9.7  " 

A 701 

V t | 

4.o6 

897 

11793  Valid  for  fog 

7 

10100 

4.8  « 

0.864 

6.4 

953 

Valid 
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